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‘J’hc (kssini  spacccmft  is being ckvc]opcxl for’ a mission to jnvcstigalc  Satlm  and its rings, satc]]itcs
and magnctosphcrc. ‘lk sJ>acccrafl  w i l l  k powcrccl by tlircc RacJioisotoJ>c  “J’llclllloclcctric
Generators (R’1’G, scc ]Figurc J), ‘JIIC utilimticm  of the I{’l’(i waste heat as a major heat scmrcc fbr
lhcrmal control  ofthc  l’ropulsicm Mochdc SLkystc.m (PM S) is a ncw c.mccpt  (SCC 1 ~jp,urc ?) that has
ncmr  been aJql]icd before, ncjlhcr for (is] ilco nor fix UJysscs. ‘1 ‘hcrma] CJCVCJOpI~ICIIt  test has hccn
cmduckd  10 dcnmstralc  that the 1<’1 ‘(is can provide a si f,nificant J~art of the heat ncccssary to warm
Ihc I’MS, and that the R’I’G end dome tcmJ~cratwc  is critical in clckrmining  the amount  of heat
cntcrinp,  Ihc I’MS cavity (a Jargc Ml,1 bJankct draJ>cs cwcr the Jmpcllant  tanks  forming k cavity).
1 lowcvcr,  anal ysis inclicatcc]  that there was a large discrcpa]my  bclwccn llIC flight  R’1’G thermal
analytical model Jmcliclicms and the test rcmlts basccl  cm an misting R’J’G simulator hardware,
especial] y with scgard to the cnd dmnc tcmpcralurcs, ‘1’his raisccl  qucslicms  concerning the aclcquacy
of the cxistinp, simulators as WCJI as the ana]y[ical  modcJ.

‘1’his paJ>cr ackksscs  the adequacy ofthc  analytical INOCICJ. ‘1 ‘hc model was dcvclopcd  a number of
yc.ars  ap,o by Gll under a contract with .lI)l,. It deals with the complex  dcsip,n and thermal behavior
of the 1{’1 ‘<i that arc to some dcgrcc rcflcctcd  in the schematics of }Fjgarc  3, ‘] ‘hc nmdcJ in its rcduccd
fbrIII has a nocic  map as shmvn in l;igure 4. ‘1’hc nmdcl has been rcJicd upon as the SOJC g,uidc with
its analytical prcdicticms fc)r intcqmting  the R’1’G the] mal bchavim. 1 lowcvcr, upon rcvjcwinp,  flip}d
data from Gali  lco and U] ysscs (missions to cxJ>lorc  .lupitcr  and the sun, rcsJ>cctivc]  y), as wcJJ as past
gwuncl-test ciata,  it was discovered that there had only Ixc.n mm validation case performed for tbc
moclcl,  ancl that it was dcmc without duc at[cnticm to the cnd dome tcmpcraturcs  (bccausc they WCJC
not a mat(cr of ccmccrn for those missions). llnccr[ainty with regard to the prcdictcd  cnd dcmc
tcn~J~crat  urcx, thcrcforc, appeared great and nccdcd to bc minimized.

-.... -.— .-—— —.

* ‘1’hc work dcscribcd  in this paper was carrjcc]  out by the .lct Propulsion 1,aboratory  LIJ]dCJ’ a
contract with tJ~c National Aeronautics and Space Administration, ‘1’hc abstract is submitted to
the 32nd Al AA ‘1’hcrnmphysic.s  Ccmfcrcncc,  to be held in Atlanta, GA, cm June 23-25,  1997.
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‘1’hc mode] was corrclalcd  cmcc in 1988 by (i] i with  the only set of’ vacuum test data availab]c from
Ihc 1 lnp,inccring lJnit  (an electric simulator). 1 lowcvcr, as a close scrutiny Ycvcals, the prcvious]y
cxmc]atcd moclc]  (clue, to focus on power pc.rfhrmanm)  under-predicts the cncl clomc tcmpcraturc  by
10°(:, over-prcclicts the flm~c tcmpcra{urc  by 9°(1, and over-prc.dic.ts the mid-she] 1 tcmjlcrat urc by
14“(;, as compared with the test data. ‘1’hc. model was founcl  dcficicnl  in two impc)rtanl areas, i.e.,
Ihc undcrcstimatc  of radiative coupling, bctwccn  the cnd clomc and the heat source suppori asscmbl y,
and Ihc abscmc of radiative coupling bclwccn Ihc dome/shcl 1 flanges ami space. 1 lath dcficicncy,
whcJI corrcctcd, lcd to a substantial tc.mpc]  dLHC change. Othcr moclificaticms,  ICSS significant in
comparison, were also made. liigurcs  5-13 show rc.su]ts of each successive step of mollification.
‘1’hc final valiclatccl  moclcl brings the cnd ciomc and flang,c tmpcraturc  predictions to within 2°Cl of
the test data, as shown in l:igurc 14, alicl results in a doubling of the radiative heat transfer from the
R’lG heat source support asscmb]ics  to the cncl domes,

h40rc si[),llificantl  y, when the R’J ‘G is cmplcd to the intcrfacc  ring, the support box and the spacecraft
cent ral bc)cl y, as in the integrated ~assini cmfigurat ion, the combinccl  mocicl  prcclicts  an inboard cncl
dome tcmpcrat  w-c of 194°[: aflcr the validation, as o~qmscd  to 1690(:  before. ‘1 ‘his 25°C~ incrcasc in
the cncl dome tcmpcraturc  has a cmsidcrablc  impact  cm the amount of R’J’G heat entering the 1)h4S
cavity,

Valida(  ion wi(h the 1[:2. l{~llt;.rl!l.crllla! .? MII.WI .Qlla!iEC~li[!JLJ)3!~_— —.... _ . .

Since G] ?s 1 inginccring  llnit  was an clc.ctric  simulator and not a llUC]Car-fLIC]Cd  flight  unit, it Wtis
highly clcsirablc  to acquire vacuum data ftom a fuclccl flight unit for furlhcr valiclaticm of the
anal ytical  moclcl. l)pon Jl)l ,’s request, an effort was maclc by 1)01 ;’s Mound 1.aboratory (wilh
ass i  starmc from 1.ockhccd  h4arlin pcrsomm]) to obtain end dome and shc]l kmpcrat  urc
mcasurcmcn!s  during !hc thermal vacuum c]ua]ific.a!ion  tcsl of the fuc]cc~  flight unit 1“-?.. ‘]’hc she]]
Icmpcra! Lmc mcasurcmcnts  were obtaincc]  with flight tcmpcraturc transducers that arc in p]acc on the
R’J’G whi]c the cnd dome kmpcrat  urc mcasurcmcnt (being an aftcrthousht)  was obtained by using
m 1 R pmbc inside the vacuum c.hambcr,  ancl the results arc shown in };igurc  15. ‘J’hc 11{ probe was
calibmtcd  using an oil-bath setup as WC]] as a hot plate, the lat[cr arran~cmcnt  being shown in l~ig,urc
16. }loth calibration approaches yicldccl  a c.onsistcnt correction factor of 2.20~ at the tcmpcratum
reading of around 2.00°(~. Applying this c.orrccticm factor to the lower curve of l~igurc  15, the end
clomc  !cmpcraturc is dctcrmincd  to bc 2080C:, ‘1’hc shell temperature at the “1{’1’1 )“ location
(approximately 7 in. from the clomc flange), as shown in l;igurc 15 and with no correction ncccssary,
is 244°~. “1’hc 1;-2 was rLming  with a net thcrma] power of 4120  W, and the sink (or chambcl
shroud) tcmpcraturc was 270{:.

l’rcdiction  using the analytical mode] fbr the same opcratinp, conditions yielded an end clonic
tcmpcraturc  of 2.10°~ (cf. l;-?. data of 2080(;) and a shc]l  tcmpcraturc at the “1{’1’1 )“ location of
approximate] y 240°~ (cf. 1:-2 data of 2?4 4°(3. “1 ‘hcse are rather satisfactory comparisons, and tl ic
validity of the R’I’G analytical mock] is thus established.
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‘1’hc ftlclcd 1<”1’Gs cannot bc usccl ink (ksini spacccraf[ systcm-lcvc]  solar thcrma] vacuum  test,
and suitab]c simulators must bc uml inskacl, ‘J’hc aclcquacy of the simulators, and the uncertainty
Ihc.y introchmd,  arc important subjccls  W11OSC discussion rcc]uircs  a separate trcalmcnt  (SCC 1 ‘ip,urc
17 for a Icst arrangement involving, a simulator and the surrounding, compomnts),  ‘1’hc validakd
flight  1<’1’(; analytical nmdcl discmscd in this paper is relied upon heavily to provide guidance in
asscssinc  tbosc issues.
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rUJTBOARD INBOARD

I___
205.47 752.17 959.96 1076.68 1004.45 7r4.35 204.50

616.86 673.95 619.03
217.42 220.80 233.75 271.22 233.60 218.51 215.42

218.61 251.33 218.48
210.91 241.39 210.79
180.05 201.66 179.97

——

l~ig. $ Results of Run #l 1: IX.@icating  tllc “Baseline Predictions”
s’-

1
OUTBOARD

7

1 NBOARD

190.21 743.99 995.36 1075.60 1000.00 766.73 189.45
612.01 673.20 614.29

197.57 201.75 228.66 270.81 228.58 199.73 195.85
214.16 250.96 214.09
206.77 241.03 ?06.70
177.09 201.38 177.04

Fig,> Results of]{un Y 2: Adding ~iJaTlgC-to-space  Radiative  (kmpling
6

7
Fig. IQ Results of Run //3: Deleting 1,umpcd  ~oncluctance IIet wcen

lincl  l)omes  and 1 lest Scwrc,c Support Assemblies



WTBOARD 1 NBOARD

167.79 974.64 1046.46 1085.61 1056.31 1022.50 164.79
638.35 678.96 643,26

187.25 188.72 230.24 272.32 230.22 184.97 183.56
215.56 252.28 2J5.54
208.08 242.26 208.06
178.05 202.25 178.04

t-~

];ig. Mb ]<csuhs of RLm #/d: ]ncreasin~  contact  ~onductancx ktwcerr

rOUTBOARD INBOARO

216.49 488.40 938.19 1064.52 938.99 492.42 216.81
582.02 666.79 582.39

212.01 212.24 225.85 269.06 225.79 211.67 211. It9
211.68 249.62 211.63
204.45 239.60 ‘ 204.40
175.40 200.35 175.36

9
F_ig. ~ Results of Run #5: Adding Radiative Coupling I]ctwccn

End llon)cs  and llcat Source Support Assemblies

UJTBOARD INBOARD

211.68 471.24 950.35 1066.80 951.07 475.38 212.02
588.36 668.11 588.68

209.31 209.65 226.36 269.42 226.30 209.14 208.85
212.14 249.74 212.08
204.87 239.90 204.82

! 175.71 200.56 175.67

];ig. 1% Results ofkm #/6: Reducing ~onductanccs  Bctvwen
Nc)cies  2 and 21, and Nodes 12 and 31

rOUTBOARD I UBOARO

210.80 470.22 947.05 1058.60 947.75 474.36 211.08
585.99 659.44 586.30

208.33 208.65 224.94 260.27 224.86 208.07 207.79
210.79 241.76 2 1 0 . 7 1
203.57 232.47 203.50
174.60 195.29 17 fb.55

Fig ~ Results ofkm #/7: ]nc]Llding Radiative (c)upling  Dctwecn the
Mid-ring and Space



CXITBOARD 1 NBOARD

209.74 469.44 944.90 1055.32 945.61 473.60 210.04
583.92 656.05 584.24

207.04 207.35 222.94 256.78 222.87 206.80 206.54
210.06 240,20 209.99
203.47 231.85 203.41
177.25 198.78 17?.21

/2
l;ig.  %5 Results of RurI #/S: Adding Shell-to-Fin Radiative ~oupling

F“ INBOARD

212.01 4k2.34 939.60 1054.36 940.17 445.71 212.31
581.15 655.51 581.41

208.16 208.41 222.71 256.65 222.64 207.94 207.73
209.85 240.10 209.79
203.27 231.75 203.22
177.10 198.70 177.06

13
Fig. )6 Iksults  ofk]n #9: Fine-tuning Radiative ~oupling  IIctween

>{nd I>cmms and }lcat Source Support Assemblies

-- “Validated Model Predictions”



Note: All temperatures arc in “~. Predictions by the validated 26-node model are bracketed <...>.
All other temperatures are test data from the Fnginccring [Init.

( 2 1 2 . 0 >

<2t2.3>

<20$.2>

<222,7>

<256,7>

I;ig.Xl R3”G Engineering Unit Test Data vs. Predictions by the Validated 26-Node Model
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